Autophagy contributes to cellular homeostasis and is a defense mechanism for metazoan cells stressed by starvation or by in tracellular flotsam and jetsam-mitochondria gone bad, aggre gates of misfolded proteins, or pathogens that escaped from phagosomes (Kroemer et al., 2010) . All of these conditions elicit a stereotypical response that starts with the formation of a phag ophore (also called an isolation membrane). This flat membrane cisternae expands to encapsulate the offending target or, in re sponse to starvation, to engulf part of the cytosol. The nascent autophagosome continues to grow until its edges merge, and the resulting doublemembraned autophagosome sequesters the cargo from the remaining cytosol.
Most proteins necessary for autophagy, termed ATG pro teins, were first described in yeast (Klionsky and Ohsumi, 1999) , and much effort has gone into describing the interactions between these proteins and the order of their actions on maturing autopha gosomes in yeast and metazoan cells (Mizushima et al., 2011) . Two multiprotein complexes participate in the initial formation of the phagophore: a first containing the protein kinase ULK1 and the accessory subunits ATG13, ATG101, and FIP200 and a second including Beclin1, ATG14L, and the lipid kinase Vps34. Further phagophore growth depends on two conjugation systems involving the small, ubiquitinlike ATG3 and ATG8 (or LC3) proteins. Among these, ATG8 serves multiple roles as receptor for different cargoes and during the transport of autophago somes. Although other ATG proteins dissociate from the early autophagosome before its closure, ATG8 persists and serves as a marker for mature autophagosomes (Fig. 1) .
It is less clear how these mature autophagosomes complete their task to fuse specifically with lysosomes and deliver their content for degradation. For autophagosomes in yeast, their fusion with vacuoles involves the SNARE proteins Vti1, Ykt6, Autophagy allows cells to encapsulate parts of their cytosol into unique double-membrane structures. These autophagosomes mature to fuse with lysosomes and deliver the enclosed contents for degradation. Three recent papers, including one by Takáts et al. (2013. J. Cell Biol. http:// dx.doi.org/10.1083/jcb.201211160), have taken different routes to discover a role for Syntaxin 17 in the maturation of autophagosomes.
Correspondence to Helmut Krämer: hkrame@mednet.swmed.edu Vam3, and Vam7 (Fischer von Mollard and Stevens, 1999; Dilcher et al., 2001; Ishihara et al., 2001; Ohashi and Munro, 2010) , but the latter two have no clear homologues in metazoan cells. Fur thermore, the interpretation of genetic analysis is complicated by the indirect roles other membrane fusion events may exert. For example, in metazoan cells, unlike in yeast, autophagosomes fuse not only with lysosomes but also with late endosomes to form socalled amphisomes. Their formation is necessary for normal delivery of autophagic cargo to lysosomes (Filimonenko et al., 2007; Rusten et al., 2007) . Thus, mutations effecting the forma tion or function of late endosomes may have secondary effects on autophagic flux measured by the degradation of ATG8 or cargo. Therefore, the search was on to identify SNARE proteins that localize to autophagosomes and are necessary for their fusion with lysosomes. The recent efforts of three different research teams converged on one candidate-Syntaxin 17 (see Takáts et al. in this issue; Itakura et al., 2012; Hamasaki et al., 2013) In this issue of JCB, Juhász and coworkers (Takáts et al., 2013) report the result of an unbiased RNAi screen to systemat ically test all SNAREs in the Drosophila melanogaster genome for a role in starvationinduced autophagy. In that system, knock down of Syntaxin 17, Usnp, or Vamp7, three SNAREs that they show can physically interact with each other, interfered with au tophagosome maturation. For a more rigorous test of its require ment in autophagy, they generated the first syx17 (syntaxin 17) mutant animal model. Whereas these syx17null flies were via ble, although at a reduced rate, they exhibited severe neurode generation. At first glance, this was similar to the consequences of loss of the core autophagy genes ATG5 or ATG7 in mice or flies (Hara et al., 2006; Komatsu et al., 2006; Juhász et al., 2007) . However, in contrast to those mutants, which block autophagy early before the appearance of autophagosomes, syx17 mutant neurons accumulated mature autophagosomes, indicating a re quirement for their fusion with lysosomes. Consistent with such a late function, endogenous Syntaxin 17 was only detected on ma ture autophagosomes after they lost their early markers (Fig. 1) . Together, these data point to Syntaxin 17 as the longsought au tophagosomal SNARE protein.
A role for Syntaxin 17 in autophagy had also emerged in two other recent studies (Itakura et al., 2012; Hamasaki et al., 2013) , JCB • VOLUME 201 • NUMBER 4 • 2013 496 late autophagosomes after they were sealed. In a further paral lel to the results in Drosophila (Takáts et al., 2013) , Itakura et al. (2012) found that Syntaxin 17 knockdown in mammalian cells did not block autophagosome formation but did block their fusion with lysosomes.
If, therefore, mammalian and Drosophila Syntaxin 17 are not transferred directly form ER membranes to phagophores, the question arises how Syntaxin 17 arrives at autophagosomes. An important hint comes from structural considerations. Among SNARE proteins, only Syntaxin 17 has two transmembrane do mains characterized by relative low hydrophobicity and a gly cine zipper. Replacement of glycine with leucine residues did not interfere with its insertion into ER membranes but prevented Syntaxin 17 from reaching autophagosomes. Furthermore, in fed cells, substantial amounts of Syntaxin 17 were found in the cyto sol after cell fractionation (Itakura et al., 2012) . Together, these findings point to a model in which Syntaxin 17 is stored in the cytosol until it is transferred to autophagosomes upon their in duction. Nothing is currently known about this transfer; obvious questions include a possible energy requirement for the transfer and the identities of any chaperone or autophagosomal receptor that may facilitate this novel mechanism to direct vesicles toward their proper fusion target.
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Submitted: 9 April 2013 Accepted: 22 April 2013 which both were based on the notion that the ER is an important source of autophagosome membranes and that ER membranes may bring along the soughtafter autophagosomal SNARE. They observed that, among the SNARE proteins enriched in the ER, Syntaxin 17 was also found on autophagosomes. Further more, knockdown of Syntaxin 17 in both studies reduced au tophagic flux. Although agreeing on the key observation of an important role of Syntaxin 17 in autophagy, the studies differed on some significant details.
In imaging experiments focused on the origin of auto phagosome membranes, Yoshimori and coworkers observed a sur prising correlation between the emergence of phagophores and the sites of contact between the ER and mitochondria (Hamasaki et al., 2013) . Strikingly, GFPtagged Syntaxin 17 was enriched at these ER-mitochondria contact sites, as was the phagophore marker Atg14. Furthermore, knockdown of Syntaxin 17 inter fered with autophagic flux, leading the authors to suggest a role of ERderived Syntaxin 17 early in the formation of autophago somes (Hamasaki et al., 2013) .
The study by Mizushima and coworkers followed the re distribution of overexpressed GFPtagged SNAREs, which in fed mammalian cells are enriched in the ER. They found Syn taxin 17, but not Syntaxin 18, localized to autophagosomes upon starvation (Itakura et al., 2012) . When more closely exam ining its distribution along the pathway of autophagosome mat uration using an extensive set of markers, they did not detect GFPSyntaxin 17 on emerging phagophores or early autopha gosomes (Fig. 1) . Instead, GFPSyntaxin 17 appeared only on Figure 1 . Stage-specific markers of autophagosome maturation. Progression of autophagosome maturation is accompanied by the dissociation of the early phagophore components, including the ULK1 complex, which also contains ATG13, ATG101, FIP200, and the Vps34 complex with the Beclin1 and Atg14L subunits. Later, the complex of ATG5, ATG12, and ATG16 dissociates. Syntaxin 17 is inserted into autophagosomes after only lipidated ATG8 remains (Itakura et al., 2012; Takáts et al., 2013) . It is not known whether a chaperone participates in maintaining Syntaxin 17 in the cytosol.
